The incidence of type 2 diabetes is growing rapidly, not only in developed countries but also worldwide. We chose to study type 2 diabetes in West Africa, where diabetes is less common than in the U.S., reasoning that in an environment where calories are less abundant, incident cases of type 2 diabetes might carry a proportionately greater genetic component. Through the Africa America Diabetes Mellitus (AADM) study, we carried out a genome-wide linkage analysis of type 2 diabetes in a cohort of 343 affected sibling pairs (691 individuals) enrolled from five West African centers in two countries (Ghana: Accra and Kumasi; Nigeria: Enugu, Ibadan, and Lagos). A total of 390 polymorphic markers were genotyped, and multipoint linkage analysis was conducted using the GENEHUNTER-PLUS and ASM programs. Suggestive evidence of linkage was observed in four regions on three chromosomes (12, 19, and 20). The two largest logarithm of odds scores of 2.63 and 1.92 for chromosomes 20q13.3 and 12q24, respectively, are particularly interesting because these regions have been reported to harbor diabetes susceptibility genes in several other populations and ethnic groups. Given the history of forced migration of West African populations during the slave trade, these results should have considerable relevance to the study of type 2 diabetes in African Americans.
T ype 2 diabetes is now a serious international health risk. It is estimated that the number of adults with diabetes worldwide will rise from 135 million in 1995 to 300 million in 2025, with the majority of that increase occurring in the developing world (1) .
It is clear that both genetic and environmental risk factors play critical roles in the development of type 2 diabetes. Across several populations and ethnic groups, excess body weight from the combined effects of increased caloric intake and sedentary lifestyle has been shown to be a major contributor to risk (2) . In contrast, despite strong evidence of heritability, success in identification of specific genetic factors has been modest at best. Numerous candidate genes have been investigated, and while a few gene variants have been defined that confer increased risk of type 2 diabetes (3, 4) , many others have failed to be confirmed in independent studies. The more systematic approach of genome-wide linkage analysis has been applied in numerous studies on many different populations. Many regions of putative linkage have been identified in these studies, but many have not been replicated. A notable exception is a region on chromosome 20q, where linkage signals have been identified by multiple groups in multiple populations (5) (6) (7) (8) (9) (10) .
Using a panel of 390 polymorphic markers, scored by investigators at the Center for Inherited Disease Research, we conducted the first comprehensive search for susceptibility loci in a cohort of 343 West African families with at least two siblings with type 2 diabetes. Study participants (11) were enrolled in five centers located in two West African countries (Ghana: Accra and Kumasi; Nigeria: Enugu, Ibadan, and Lagos). Clinical characteristics of the affected subjects are displayed in Table 1 . The mean age for the cohort was 53 years, and ϳ60% were women. The mean age at diagnosis was 46.5 years, and the mean duration of diabetes was 7.0 years. While obesity is generally less common in West Africa than in the U.S., this cohort of diabetes patients are still at least five BMI units heavier than the general populations of Nigeria and Ghana (12) , confirming the widely reported association between excess weight and diabetes risk (1, 2) . Approximately 50% of these diabetic patients are also hypertensive.
Results of the multipoint linkage analysis from GENE-HUNTER-PLUS for the 22 autosomal chromosomes are displayed in Fig. 1 , and a summary is provided in Table 2 for markers reaching a logarithm of odds (LOD) Ͼ1.20. The strongest evidence of linkage was observed in the region between D20S480 and D20S171 (LOD score 2.63), extending over a 16-cM region on chromosome 20 (20q13.3).
A LOD score of 1.80 was also observed at position 74.4 cM between markers D20S481 and D20S480 on chromosome 20. The region between D12S2070 and D12S395 on chromosome 12 had the next highest LOD score of 1.92. We also found suggestive evidence of linkage at four other locations: chromosome 19 (LOD 1.81) in the region of marker D19S714, between D4S2623 and D4S2394 on chromosome 4 (LOD 1.37; at D17S1298 on chromosome 17 [LOD 1.26]), and between D20S470 and D20S477 on chromosome 20 (LOD 1.24).
Cognizant of the multiple analyses performed in this investigation, we conducted simulation studies to estimate the genome-wide significance of these LOD scores. The goal of these analyses was to obtain replicates using the same information content as the original dataset. In this regard, the same allele frequencies and map distances, as well as the same missing persons for each marker, were used in generating the 100 simulation datasets. Of simulation, 12.7% produced a LOD score Ն1.0, 5.2% produced a LOD score Ն1.5, 2.0% produced a LOD score Ն2.0, 0.8% produced a LOD score Ն2.5, and 0.4% produced a LOD score Ն3.0. This is the first genome scan study to search for susceptibility genes for type 2 diabetes in West Africans. It is interesting that our strongest linkage signal is on the long arm of chromosome 20. At least 10 other studies have reported evidence for linkage for type 2 diabetes and/or type 2 diabetes-related traits in this region. Originally, Ji et al. (5) and Zouali et al. (6) reported LOD scores of 3.30 and 2.74 in American and French Caucasians, respectively. Subsequent reports have also observed linkage signals in Finns (7), Japanese (8) , and Chinese (9) . A recent update of the original linkage report raised the LOD score to 4.82 at 74 cM (10). While the 20q linkage peak with the highest LOD score in this study (at 90.8 cM) is distal to what is reported in most other studies, the other linkage peaks on the same chromosome are in the same regions reported in other studies (5) (6) (7) (8) (9) (10) . In particular, the linkage peak at 74 cM on 20q in this study is within 1 cM of the peak reported by Klupa et al. (10) in Caucasian families. Thus, it seems likely that a diabetes gene or genes, perhaps harboring a common and ancient susceptibility variant, resides in this region.
The 12q24 linkage signal is also noteworthy in that several groups have identified evidence for a type 2 diabetes locus in this region. For example, Lindgren et al. (13) recently reported a nonparametric LOD score of 1.8 at marker D12S366 and summarized findings for several other genome scans that point to this same interval. Of note is that the TCF1 gene, mutations for which are responsible for one type of maturity-onset diabetes of the young (MODY3), is located at 12q24 (14) .
Based on these results, we plan to fine map these linkage signals with densely placed single nucleotide polymorphisms, looking for evidence of association. In the endgame of gene identification, the AADM dataset may turn out to be highly useful, as one would anticipate the region of linkage disequilibrium around a susceptibility allele to be narrower in Africans than in Europeans or Asians (15) . Type 2 diabetes affects African Americans, with an incidence about twice that of the overall population of the U.S. (16) . To what extent this significant health disparity reflects diet, environment, access to health care, and cultural practices has not been determined, but it is possible that genetic factors are also involved, or perhaps even selected for in times of famine, according to the "thrifty gene hypothesis" (17) . Searching for the genetic causes of type 2 diabetes in African Americans has been challenging because of the high incidence and very prominent role of obesity and sedentary lifestyle in the U.S. By focusing on the founder West African population, where incidence is much lower and lifestyle factors are less prominent, we hypothesized that affected siblings would carry a proportionately larger genetic contribution to their disease. While the LOD scores reported here do not on their own reach the level of genome-wide significance (18) , the confirmation of a linkage signal on chromosome 20q is encouraging and implies that the study of this population may contribute critical clues to the understanding of this common and devastating illness.
RESEARCH DESIGN AND METHODS
The AADM study has an affected sibling pair design. Recruitment strategies and eligibility criteria for the families enrolled in this report have been described in a previous publication (11) . Families were enrolled and examined from five centers in two countries in West Africa. The three centers in Nigeria (Enugu, Ibadan, and Lagos) enrolled two major ethnic groups: Ibos (28%) and Yorubas (28%). The two centers in Ghana also enrolled two major ethnic groups: Akan-Ashante (25%) and Gaa (11%). Diabetes diagnosis was based on the following criteria established by the American Diabetes Association Expert Committee: a fasting plasma glucose concentration Ն126 mg/dl (7.0 mmol/l) or a 2-h postload value in the oral glucose tolerance test Ն200 mg/dl (11.1 mmol/l) on more than one occasion. The detection of autoantibodies to GAD antibody and/or a fasting C-peptide Յ0.03 nmol/l were used to exclude probable cases of type 1 diabetes. BMI was computed from weight and height, while fat mass was measured using the bioelectric impedance technique (11) . Fasting blood samples were obtained from all participants for the assessment of multiple metabolic traits, including glucose, insulin, and C-peptide, in centralized reference labs at the Diabetes Endocrinology Research Center Immunoassay Core Laboratory in Seattle, Washington. All procedures were approved by the Institutional Review Boards of the five West African universities and of Howard University, and all subjects gave informed consent.
A systematic genome-wide search for diabetes genes/loci was performed on 691 individuals from 343 families using a total of 390 short tandem repeat markers scored by the Center for Inherited Disease Research (http://www. cidr.jhmi.edu) for an average spacing of 9 cM with no gaps Ͼ20 cM. A total of 368,160 patient genotypes were released. The overall missing data rate was 4.4% (17,194/386,880 genotypes) . Based on 48 blind duplicate samples, the error rate was estimated at 0.1% per genotype (34 discordant calls in 17,244 paired genotypes). A comprehensive list of markers analyzed in this report is available at http://www.cidr.jhmi.edu/markerset.html. The study has Ͼ95% power to detect a LOD score of 1, Ͼ90% power to detect a LOD score of 2, and 80% power to detect a LOD score of 3, assuming a s of 1.8 and a marker spacing of 9 cM (as was the marker set typed in this study). Statistical methods. Statistical analyses were preceded by evaluation of the veracity of genetic relationships using PEDCHK and RELTEST (19) . As a result of these tests, 14 full sibs were reclassified as half sibs and retained in the analyses. One family was excluded because of a pedigree error that could not be resolved. Marker map positions were taken as that on sex-averaged genetic maps provided by the Marshfield Medical Research Foundation (http://research.marshfieldclinic.org/genetics/Map_Markers/maps).
Model-independent multipoint linkage analysis was performed using the GENEHUNTER-PLUS and ASM programs (20, 21) . The GENEHUNTER program estimates the nonparametric linkage score at each marker position, comparing the observed identity-by-descent sharing among all affected siblings with that expected under the null hypothesis of no linkage (20) . The likelihood ratio test was used to evaluate the null hypothesis of no linkage between a locus and a disease-susceptibility gene. LOD scores were derived from the nonparametric linkage scores, as previously described (21) . Maximum LOD scores are presented along with 1-unit support intervals. 
